The management of hepatocellular carcinoma (HCC) has evolved considerably over the last decade. Surveillance of cirrhotic patients and refinements to imaging techniques have enabled a relevant proportion of patients to be diagnosed at an early stage, when effective therapies are feasible. Resection, transplantation and ablation are all options in patients with early stage HCC. Thus, there is some controversy regarding which is the best treatment approach in challenging scenarios. There have also been major developments in locoregional therapies, particularly in intraarterial approaches. Finally, the systemic treatment for HCC has changed dramatically following the demonstration of a survival benefit with sorafenib; there are currently several firstline (sorafenib and lenvatinib) and second-line (regorafenib, cabozantinib and ramucirumab) treatments that have shown a survival benefit. Expectations for immune checkpoint inhibitors are high, with the results of the ongoing phase III trials eagerly awaited. In this review we discuss some of the controversies in the management of HCC, focussing in particular on systemic therapy.
Introduction
Decades ago, hepatocellular carcinoma (HCC) was usually diagnosed at an advanced stage, upon the presence of symptoms and liver decompensation, resulting in a dismal outcome with no chance for curative therapies. This scenario has completely changed; the acceptance of surveillance in patients at risk of developing HCC has enabled diagnosis of the disease at earlier stages, when potentially curative treatments are feasible. In addition, HCC is recognised as a chemoresistant tumour and until 2007, no systemic therapy had conferred any survival benefit in HCC, leaving a relevant proportion of patients without effective therapy. This grave situation completely changed with the emergence of sorafenib as the first effective systemic treatment in HCC. 1, 2 The positive results of sorafenib in advanced HCC triggered the evaluation of several agents for first-and second-line treatment, but it took 10 years from the approval of sorafenib for a second phase III trial to be positive. Currently, in addition to sorafenib, lenvatinib has shown non-inferiority to sorafenib in first-line treatment, and 3 agents (regorafenib, cabozantinib, and ramucirumab) have demonstrated a survival benefit compared to placebo after sorafenib failure. In this review we will discuss the most controversial aspects and challenging scenarios in the management of HCC, with particular focus on the available systemic options.
Diagnosis of HCC: Any room for improvement?
The accurate characterization of a small nodule detected by surveillance abdominal ultrasound is a clinical challenge. HCC is a major exception in oncology as a conclusive diagnosis can be obtained in a relevant proportion of patients by imaging techniques, with no need for histological confirmation. Since the first non-invasive criteria were published in 2001, based on the coincidental finding by 2 dynamic imaging techniques of arterial phase hyperenhancement in nodules >2 cm (or in 1 technique if alpha-fetoprotein [AFP] > 400 ng/ml), 3 these criteria have been refined. The most important advance was the recognition of a specific vascular profile consisting of non-peripheral contrast uptake in the arterial phase and washout of contrast in venous phases. The near absolute specificity of that typical enhancement pattern based on multi-detector computed tomography (CT) and/or extracellular, contrast-enhanced magnetic resonance (MR) has been validated extensively in Europe, North America and Asia [4] [5] [6] [7] and is the cornerstone of the non-invasive criteria for HCC diagnosis endorsed by several scientific societies. [8] [9] [10] Disappointingly, non-invasive imaging criteria are hampered by their limited sensitivity, achieving 60-70% sensitivity and a negative predictive value below 50% in highly experienced centres when applied on nodules between 1 and 2 cm. [4] [5] [6] [7] Accordingly, in a relevant proportion of cases, the only way to obtain a conclusive HCC diagnosis is by pathological assessment of a tumour sample obtained by percutaneous biopsy. Regrettably, in some cases a biopsy is not feasible because of the location of the tumour, clotting disorders, or ascites. Also, although infrequent, biopsy is not free of complications such as bleeding. Finally, small nodules are susceptible to falsenegative results, in some cases because sampling is inadequate and/or not sufficiently representative to allow for a confident pathological diagnosis and, in other cases, because it is unfeasible to perform a reliable differential diagnosis between high-grade dysplastic nodules and very welldifferentiated HCC. 11, 12 This highlights the need to explore new strategies for improving the sensitivity of imaging diagnosis without impairing the near absolute specificity of the current noninvasive criteria. In the last years, a major advance in liver imaging has been the development of organ-specific contrast agents. Among them, the most widely used is gadoxetic acid. [13] [14] [15] After intravenous injection, gadoxetic acid distributes into the vascular and extravascular spaces during the arterial, and portal phases, and progressively into the hepatocytes and bile ducts during the transitional phase and the hepatobiliary phase.
Up to now, several retrospective studies have been published reporting sensitivities ranging from 70-100%, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and no prospective assessment of the diagnostic accuracy of this contrast agent has been conducted so far. Regrettably, in all these studies the imaging criteria for HCC diagnosis was not uniform, as some authors considered the finding of hypo-intensity in the hepatobiliary phase to be equivalent to portal washout 17, 21, 25 or even diagnostic of HCC, regardless of the presence of arterial contrast enhancement in patients with cirrhosis. 21, 28, 29 In addition, the retrospective design of the studies 19,20,22 may lead to an overestimation of the sensitivity of the technique since the population included in those analyses might be biased by excluding those with non-typical or technically suboptimal imaging. Finally, most of the studies evaluating the accuracy of MR with gadoxetic acid were conducted in Eastern Asia, where HCC frequently arises in patients with chronic HBV infection without advanced cirrhosis. The recently published European Association for the Study of the Liver (EASL) clinical practice guidelines have accepted the use of gadoxetic acid MR as a diagnostic imaging modality, but aimed to assure a near absolute specificity, they clearly stated that the contrast washout can only be read in the portal phase, and hypointensity in the hepatobiliary phase should only be considered an ancillary finding favouring malignancy. 8 With these restrictions, the sensitivity dramatically falls to 40-45%, 30, 31 figures below those reported with extracellular contrast media. [4] [5] [6] [7] Finally, other ancillary features such as hyperintensity on diffusion-weighted MRI may improve the detection of HCCs, 32 but their real impact on specificity should be validated in largescale, prospective studies. Another controversy is the convenience of contrast-enhanced ultrasound (CEUS) as a reliable tool for HCC diagnosis. Its use was questioned because of the potential risk of misdiagnosis with intrahepatic cholangiocarcinoma (ICC), since the pattern of homogeneous arterial hyperenhancement followed by washout on CEUS is present in about 50% of ICCs in cirrhosis. 33, 34 However, in a relevant proportion of ICC cases, the onset of washout takes place earlier than 60 s after contrast injection, [33] [34] [35] while this is rarely observed in HCC, and the intensity of washout in the portal phase is more marked in ICC than in HCC. 36 Thus, the definition of this typical hallmark of HCC on CEUS has been refined to: global arterial contrast enhancement followed by late (> 60 s) washout of mild degree. 37 This pattern was adopted by the EASL clinical practice guidelines for the diagnosis of non-invasive HCC by CEUS, but only as a secondline approach when both CT and MR are contraindicated or are inconclusive for the HCC diagnosis. 8 Finally, the Liver Imaging Reporting and Data System (LI-RADS) proposed by the American College of Radiology was developed and repeatedly updated to enable the homogeneous reporting of imaging techniques for the diagnosis of hepatic nodules in patients at risk of HCC. 38, 39 LI-RADS addresses the full spectrum of liver lesions, classifying the observations into 5 categories, from LR-1 (definitely benign) to LR-5 (definitely HCC).
Between both of them we find LR-2 (probably benign), LR-3 (intermediate probability of HCC) and LR-4 (probably HCC) with a progressive increase of HCC risk through the different categories. 40 The aim of this classification is to link Surgical resection is the recommended upfront therapy for patients with single HCC, achieving the highest effectiveness in terms of disease control and overall survival (OS) in well selected patients. [8] [9] [10] Ideally, the best candidates are those patients with solitary lesions in the absence of underlying cirrhosis. Regrettably, in a relevant proportion of cases, HCC arises in the setting of cirrhosis and in those patients with impaired liver function and/or decompensation, surgical resection should be avoided. 42 The presence of clinically significant portal hypertension (CSPH), defined as hepatic venous pressure gradient > 10 mmHg, has consistently been demonstrated to be one of the most powerful predictive factors for liver decompensation and death after resection. 43 Series from centres of excellence in Asia, Europe and the US have shown that the 5-year survival after resection drops from 70-80% to 50-60% when CSPH is present. [44] [45] [46] [47] These figures should be compared with the better outcome offered by liver transplantation (LT) or the competitive survival achieved by thermal ablation with a lower cost and safer profile. In the most recent update of the EASL clinical practice guidelines on the management of HCC, the panel suggested extended criteria based not only on the presence of CSPH, but also on the accurate assessment of liver function and the extent of hepatectomy and surgical invasiveness, the latter closely depending on tumour size and localization. 8 The emergence of a minimally invasive laparoscopic approach has been associated with less surgical-related complications and similar survival outcomes. 48, 49 In selected peripherally located cases, in which a percutaneous approach is suboptimal, surgical resection emerges as a safe and effective treatment strategy even in the presence of CSPH. 47 
Liver transplantation: Surpassing Milan criteria
The excellent outcomes achieved with LT in the last years were at the expense of the worldwide acceptance of the restrictive Milan criteria 57 imposed in part because of the organ shortage. 8 Nowadays, this situation has dramatically changed because of the high efficacy of direct-acting antivirals (DAAs) for hepatitis C virus (HCV) treatment, which have led to a dramatic decrease in the number of patients at need of LT for decompensated cirrhosis in areas with a high prevalence of HCV infection, thus increasing organ availability. 58, 59 This evolving scenario has motivated referral centres to consider criteria beyond Milan, expanding the pool of patients who can benefit from LT and achieve acceptable long-term outcomes. The expanded criteria published during the last decade considered only the morphologic features of the tumour defined by the size and number of nodules. [60] [61] [62] [63] [64] [65] Very recently, several authors have proposed considering the biological tumour behaviour. In that sense, some criteria take into consideration the use of tumour grading as a tool for patient selection (LT is contraindicated in patients with poorly differentiated tumours), but its real applicability is hampered by the tumour heterogeneity that prevents a reliable assessment of tumour degree by pre-LT biopsy. 66, 67 More clinically appealing is the use of tumour markers such as AFP as a surrogate of tumour aggressiveness. In that regard, several proposals have been reported that combine different AFP cut-offs with morphological characteristics. [68] [69] [70] Regrettably, no consensus has been reached on which AFP cut-off value is the most appropriate and how to combine them with the tumour burden, but all proposals agree that regardless of the morphological characteristics, AFP beyond 1,000 ng/ml is associated with a dismal prognosis that discourage the LT indication.
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Controversies in intra-arterial treatments
There are 2 TACE techniques, namely conventional TACE (cTACE), which uses lipiodol as a vehicle for chemotherapy (mainly doxorubicin or cisplatin) followed by embolization with particles (more frequently gelfoam), and drug-eluting bead (DEB)-TACE, which uses non-resorbable and embolic microspheres preloaded with chemotherapy that enable the slow release of the cytotoxic agent into the tumour and a calibrated embolization.
52,71
The Despite the current evidence supporting the use of TACE, there are still some critical questions that remain unanswered. Firstly, there are controversies regarding the real benefit of adding chemotherapy to the embolization. The trial by Llovet et al. 72 was a 3-arm study including cTACE, transarterial-embolization without chemotherapy (TAE) and best supportive care arms. The study was prematurely stopped in an interim analysis because cTACE was shown to be superior to best supportive care, but at that point no differences were observed between cTACE vs. TAE and TAE vs. best supportive care. In the study of Malagari et al., 79 84 patients were randomized to receive DEB-TACE or TAE with a fixed schedule and the 9-month overall response rate (ORR) and time to progression (TTP) were higher in the DEB-TACE group than the TAE group (42.4 vs. have not yet been validated in Western countries and the combination of the 2 techniques on the same occasion is quite demanding in terms of resources, so cost-effective analysis should be required before accepting this approach. Since the local hypoxia and ischaemic necrosis achieved by TACE triggers the activation of proangiogenic factors, the combination of TACE with anti-angiogenic agents might constitute an effective strategy to improve outcomes. Sorafenib [86] [87] [88] and brivanib 89 have been evaluated in combination with TACE but both failed to demonstrate a survival benefit. Finally, one of the most controversial issues in the field of intra-arterial treatments is the clinical value of selective internal radiation therapy (SIRT) with yttrium-90 (Y90), also known as radioembolization. 90 Several groups have reported the outcome of patients treated with SIRT with some promising signs of efficacy in terms of tumour response and OS, [91] [92] [93] [94] but up to now, no randomized clinical trial has been able to show a survival benefit in advanced HCC. In that regard, 2 phase III trials designed to demonstrate survival superiority of SIRT over sorafenib have recently been reported. 95, 96 In both of them, despite radiologic tumour response and TTP being better in the SIRT arm, the primary objective (survival benefit) was not achieved in the intention-to-treat analysis. Furthermore, both studies showed that the treatment applicability of these techniques was around 75% despite the inclusion of patients theoretically suitable for SIRT. 95, 96 Additionally, a recent phase III trial failed to demonstrate a survival benefit of the combination of SIRT with sorafenib over sorafenib alone (SORAMIC trial). 97 There is still an ongoing trial evaluating if SIRT combined with sorafenib offers better survival than sorafenib alone (STOP HCC trial, NCT01556490), and the preliminary results of the 2 first interim analyses support the continuation of the study. 98 In the following years after its approval, realpractice data validated the efficacy and safety of sorafenib and consolidated this drug as the cornerstone of systemic therapy for advanced HCC.
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The search for a predictive biomarker of sorafenib response was justified by the weak correlation between response rate and OS. Sorafenib extended survival without any measurable sight of tumour shrinkage, once the response rate by conventional radiologic criteria was less than 5%. Angiopoietin-2, KIT and vascular endothelial growth factor (VEGF) seem to be prognostic rather than a tool to guide treatment decisions. 108 A better prognosis was reported for patients who present early dermatologic adverse events within the firsts 2 months of treatment. 109, 110 Additionally, the definition of sorafenib failure surpasses the simplistic evaluation of radiological progression by conventional criteria. The SHARP trial allowed patients to be treated until symptomatic and beyond radiological progression. Prospective data showed that new extrahepatic lesions confer a worse prognosis than the growth of pre-existing lesions or new intrahepatic nodules. 107, [111] [112] [113] Several drugs tested in phase III trials published after sorafenib approval did not reproduce the promising results of their earlier development phases [114] [115] [116] [117] [118] [119] (Table 1) . These failures can probably be explained by a lack of anti-tumoral activity, unsuitable trial designs and impaired safety profiles. 120 In the second-line setting, regorafenib, an oral multikinase inhibitor targeting angiogenesis and oncogenesis, 121 exhibited a survival improvement.
The RESORCE trial was a phase III placebocontrolled trial that enrolled patients who progressed on sorafenib, had preserved liver function and tolerated sorafenib at least 400 mg/day for 20 or more of the last 28 days of treatment. 111 Regorafenib was shown to significantly prolong survival and became the standard second-line therapy in HCC. Treatment-related adverse events were similar to those described for sorafenib and included hypertension, hand-foot skin reaction, fatigue and diarrhoea. These results led to an unprecedented scenario in the treatment of HCC. The sequence sorafenib-regorafenib extended survival beyond what has been previously reported. In an exploratory analysis of the patients treated with regorafenib in the RESORCE trial, the median OS was 26 months (95% CI 22.6-28.1), independently of the TTP on sorafenib and the last sorafenib dose. 122 Notably, this advance laid the foundation for the development of new strategies and, recently, novel drugs were tested in successful trials. Lenvatinib a multikinase inhibitor targeting VEGF receptor 1-3, fibroblast growth factor receptor 1-4, platelet-derived growth factor receptor, RET and KIT, has recently shown to be noninferior to sorafenib, according to the results of the REFLECT trial, and represents an alternative to sorafenib in the first-line setting. 123 It is noteworthy that patients with main portal vein thrombosis, bile duct invasion or more than half of the liver affected were not included in this trial. The median OS for the lenvatinib arm was 13.6 months, non-inferior to 12.3 months in the sorafenib arm (HR 0.92; 95% CI 0.79-1.06). The toxicity profile was slightly different between the 2 arms. Sorafenib was more commonly associated with hand-foot reaction while lenvatinib led to higher rates of hypertension. Secondary, the ORR with lenvatinib was 24.1% (vs. 9.2% with sorafenib) based on modified RECIST criteria (mRECIST), and progression-free survival (PFS) was 7.4 vs. 3.7 months, respectively. The median TTP of lenvatinib was 7.4 months vs. 3.7 months with sorafenib (HR 0.60; 95% CI 0.51-0.71). However, median lenvatinib treatment duration was 5.7 months vs. 3.7 months for sorafenib. The gap between median TTP and treatment duration observed in the lenvatinib arm suggest the occurrence of early discontinuations, probably due to adverse events. Moreover, the mRECIST evaluation may be distorted by the effect of vasoconstriction induced by the tyrosine-kinase inhibitors directed to VEGFR, [124] [125] [126] since the vasoconstrictor effect reduces the contrast uptake without necessarily reflecting effective response to therapy. As a consequence, all endpoints based on mRECIST response are potentially faulty. The defence of mRECIST as a tool to detect response not captured by RECIST was never properly validated, 127, 128 and there is a weak correlation between TTP and OS in HCC. 129 For patients who progressed on sorafenib, cabozantinib (a MET and VEGF receptor inhibitor) was tested in a placebo-controlled phase III trial. 130 The 131 As no predictive factor is recognised in advanced HCC, a biomarker-driven approach was analysed in patients with tumoral overexpression of c-MET. C-MET is the receptor of the hepatocyte growth factor, which is overexpressed more often after sorafenib exposure and represents a negative prognostic factor. 112 Tivantinib, a drug developed as a selective inhibitor of c-MET, was tested in placebo-controlled trials enriched with patients with c-MET overexpression after sorafenib. The METIV trial 112 did not meet the primary endpoint of improved OS, and the JET-HCC trial in Japan 132 did not demonstrate a benefit in PFS. The subset of patients who present with AFP ≥ 400 ng/ml benefit from second-line ramucirumab, a monoclonal antibody that selectively inhibits VEGF receptor 2. This was recently depicted by the sub-analysis of the REACH trial, that compared ramucirumab vs. placebo. 133 Although the trial did not prove survival benefit for ramucirumab, the subgroup of patients with AFP ≥ 400 ng/ ml had better OS. This result was further confirmed with the phase III REACH-2 trial that exclusively included patients with AFP ≥ 400 ng/ml. 134 The molecular mechanism explaining why this benefit was only observed in this subset of patients is unknown. It is crucial to critically analyse the phase III results already available, as we are facing a shift Ramucirumab vs. placebo (AFP ≥400 ng/ml) 8.5 vs. 7.3 0.0199 AFP, alpha-fetoprotein. n.s., non-significant.
*non-inferiority towards incorporation and approval of new therapies with different oncologic targets. Sorafenib and regorafenib are widely used, yet physicians dispose of sufficient data to guide treatment management and patient selection. The most recent agents, such as lenvatinib, cabozantinib and ramucirumab are rapidly being incorporated into clinical management worldwide. Thus, establishing the optimal strategy and selecting the most suitable treatment for the appropriate subgroup will become major issues.
Immunotherapy in HCC: Hopes and facts
The concept that immune activation inhibits tumour growth is not new. 135 But it was the finding that blocking immune checkpoints induces an anti-tumour response that formed the basis for the development of novel immunotherapies. 136 In several solid tumours, the blockage of programmed death-1 (PD-1)/programmed death 1 ligand-1 (PDL-1) or cytotoxic T-lymphocyte associated protein-4 (CTLA-4) has produced outstanding improvement in clinical outcomes, making it a key part of the treatment paradigm for a number of cancers. HCC is unique not only because of the underlying cirrhosis but also because of the particular immunobiology of the liver. In response to the continued antigen exposure, the liver has evolved a myriad of mechanisms of immune regulation and tolerance. The coexistence of hepatitis B or C virus infection driving chronic inflammation are suggested to result in an immunosuppressive phenotype, and some mechanisms of immune evasion are present in the HCC microenvironment. 136 The interest in studying immune checkpoint inhibitors such as PD-1/PDL-1 and CTLA-4 in HCC promptly translated into clinical phases and, actually, early data have already been published 137 (Table 2 ). In the CHECKMATE 040 trial, a phase I/ II trial that enrolled patients with advanced HCC, both sorafenib-naïve and -experienced as well as with or without HBV/HCV, nivolumab (an anti-PD1 agent) showed a manageable safety profile and a response rate of 20% with a median duration of response of 9.9 months (95% CI 8.3-not calculable) in the dose expansion phase compared to a response rate of 15% for a median duration of 17 months (95% CI 6-24) in the dose-escalation phase. 138 Based on these results, nivolumab was granted accelerated approval by the FDA for sorafenib-experienced HCC. 139 By the same token, pembrolizumab, an anti-PD1 agent, received accelerated approval based on an ORR of 17%, with a duration of response of ≥ 9 months reported in 77% of patients in KEYNOTE 224, a single-arm phase II trial that included patients after sorafenib progression or intolerance.
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Although the toxicity profile of the anti-PD-1 agents seems favourable with about 10% of patients experiencing grade 3-4 adverse events, the risk of immune-mediated toxicities warrants strict vigilance concerning symptoms of colitis, Table 3 .
Open questions: Challenges in interpreting upcoming data
Radical changes in therapeutic modalities require innovative concepts. The positive results of firstand second-line treatments for HCC stress the importance of evaluating pre and post-trial treatment, which is a relevant issue in malignancies with several active treatment lines. 144 The use of adapted immune criteria to define progression revealed that patients who met this definition of pseudoprogression can have similar outcomes as those who did not progress according to conventional radiological criteria. 146 However, a reliable marker to discriminate which mechanism is behind the increase in tumour burden remains to be identified, precluding a formal recommendation regarding continuation of treatment beyond progression. Meanwhile, a subset of patients may experience accelerated progression after immune checkpoint inhibitors, resulting in poor short-term survival. This is referred to as hyperprogression, which is estimated to occur in around 10% of patients treated for lung cancer, but there is no clear understanding of its pathophysiology. 147 As reported in lung cancer, hyperprogression in HCC may be a devastating event due to the short liver reserve capacity, as well as being an important determinant of treatment efficacy. An interesting finding in melanoma and renal cell carcinoma is that around 10-30% of the patients present long-term disease control, resulting in unprecedented survival figures. It suggests that there is a subgroup of outlier patients that probably have a sensitive tumoral phenotype or a specific predictive biomarker. Improved PFS and OS have been shown in patients with advanced melanoma and lung cancer when comparing PD-L1-positive vs. PD-L1-negative subgroups. 148, 149 Mutation burden, tumourinfiltrating lymphocytes and immune gene signatures are also being investigated as potential tools. 150 For HCC, the PDL-1 expression seems to be around 20-25%, but no correlation between PDL-1 expression and better response has been established so far. 138 Considering that regulatory agencies are prioritizing accelerated approval based on response rates and duration of response, it is important to state that survival improvements should be the real endpoint to be pursued. Since we still do not have final results from the ongoing phase III studies, it is not possible to correlate the available results of response rate with real survival benefit. Early phase studies do not always reflect the population enrolled in controlled trials, particularly regarding the pattern of tumour progression rate and whether tumours are stable or under recent progression at the point of trial inclusion. Both parameters are relevant and may justify discrepant results between suggestive early phase data and negative phase III trial outcomes.
The current scenario of systemic therapy in HCC is likely to change in the near future. If the encouraging data on immunotherapy materializes, a major challenge would be to evaluate the potential benefit of sequenced strategies or combination between active agents. Undoubtedly, proper patient selection and an accurate and critical interpretation of trials results will remain crucial. 
Conflict of interest

Supplementary data
Supplementary data to this article can be found online at https://doi.org/ 10.1016/j.jhepr.2019.02.003.
